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Introduction
The denoising process by noise reduction is often needed in image processing procedure [1] [2] [3] [4] . There are several noises to remove, such as salt and pepper noise, Gaussian noise, speckle noise, and periodic noise [5, 6] . Among them, low pass filtering, median filtering, or rank-order filtering methods are effective to remove additive noise (salt and pepper noise or Gaussian noise) [7] [8] [9] [10] . The speckle noise or periodic noise can be removed in frequency domain by using band reject filtering or notch filtering [11] [12] [13] . Among them, the median filtering method has been the most widely used for denoising noisy images [14] [15] [16] [17] .
The 2D median filtering is a nonlinear image filtering method, which is used to remove noise. The median filtering is broadly adopted in image processing because it sustains details while eliminating noise [18, 19] . In two dimensions (image), the median filter searches the median value in an n-by-n neighborhood block (or window) around the corresponding center pixel in the input image. Normally the block size is odd number. For this case, the result is the middle value after all the components in block are numerically sorted.
The main idea behind this paper is that, we estimate noise level in a given image, and we apply variable block median filter. We assume that a large block sized median filter is more effective to highly contaminated image, while smaller block sized median filter is efficient to less noisy image. This paper is organized as follows. Section 2 explains the proposed method. Impulse noise addition, wavelet transform based noise level estimation, and the proposed adaptive variable block based median filter is presented in this section. Section 3 shows simulation results and Section 4 provides conclusion remarks.
Proposed Method
In this paper, we assume a noise is additive impulse noise. The noisy image Im N is composed of original image Im and noise term N. Then the noise model of noisy image
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Here, Im N (τ) is the monitored contaminated image, Im(τ) is the original noise-free image, and N(τ) is the noisy signal at time instant τ. To generate noise image, we added salt-and-pepper noise which is a fashion of noise with black and white. The salt-andpepper noise scantily generates black and white pixels with different level. It is known that the favor denoising method is a median filter. The median filter takes n-by-n neighbor pixels in an image into account to determine whether or not it is suitable output of its adjacent block. Instead of simply replacing average value of the given block, median filter numerically sorts all components in a bloc and choose the middle value as the suitable output. Figure 1 shows an example of n-by-n block size for median filter and Figure 2 shows an example how median filter works. One of biggest advantages of median filter is that it is more reliable answer than the average value of a noisy block. In addition, noise cannot affect the output value notably. As the median pixel has to practically be the component of one of pixels in the adjacent neighbors, the median filter does not introduce new unrealistic pixels. Therefore, the median filter is much favorable method to maintain details or edges in a noisy image.
The small block based median filter works well when the noise level is small. However, as the noise level increases, larger block size would be favorable for median filter method. If we follow this assumption, before we determine size of the block we need to know the noise level. We introduced a noise level estimation method. The main contribution of this paper is that, we can adaptively select block size for median filter depending on noise level. Figure 5 shows denoising results using median filter with different block size. We assume a block size is k-by-k. when factor is 0.1. The rules that determine the best result images are as follows: (1) there remains no salt and pepper noise, (2) image details are remained as much as possible. To meet these criteria, it can be found that k=5 is the best condition to generate noise free image. 
Experimental Results
The proposed filter was tested using 768×512, 24-bits/pixel high color image of Zahra dataset. All images were contaminated by impulse noise with nine densities (noise level is 1, 2, …, 9) and performance is objectively assessed by using the peak signal to noise ratio (PSNR) in dB metric to guarantee the concluded results are reliable. Figure 11 shows 25 tested images, Zahra set. The numerical performances in terms of CPSNR with different k value are described in Tables 1-4 . The results show that small k median filter failed at high noise level and the CPSNR results are not satisfactory. On the other hand, large k median filter well removed noise at high noise level. However, large k median filter was not always favorable. For instance, when noise level was small, small k is preferred as it does not make an image blurred. 
Conclusion
This paper presents a median filter with varying block size. The evaluate performance of median filter denoising method with different block size. It can be concluded that small k median filter is suitable for less contaminated noisy images, while large k median filter is suitable for highly contaminated noisy images. Simulation results show that the proposed adaptive variable block-based rule provides a reliable result.
